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Mozaic™ Combinatorial 
Screening Technology 

a simple, quick and efficient 
combinatorial screening system, 
utilizing unique characteristics of 

fluid membrane mosaics, to 
construct receptors capable of 
binding to cell-surface ligands 



The methodology described 
here is termed 'IVIoziaic' and is 
a simple, quick and efficient 
combinatorial screening 
system, utilizing unique 
characteristics of fluid 
membrane mosaics, to 
construct receptors capable of 
binding to cell-surface ligands 
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Mozaic^^ Combinatorial 
Screening Technology 



Technology for the discovery of 
new structures capable of 
stimulating or down-regulating 
cells. 

Used to develop 

- new therapeutic entities; 

- targeting ligands; or 

- diagnostic reagents 



Proxima's unique Mozaic Discovery Screening technology enables one to 
generate rapidly novel molecular structures which can be used as targeting 
ligands for drug delivery, diagnostic reagents or therapeutic drug molecules. 



Traditional Combinatorial Chen 




To understand the value of the technology, it is helpful to contrast it with 
conventional combinatorial chemistry. Combinatorial chemistry takes a set of 
building blocks and links them together in all different sequence permutations, 
prior to testing each variant in a high-throughput screen. The linkage process 
is costly, time-consuming, yields small amounts of material, and introduces 
geometrical constramts in the molecules which often prevents them from 
adopting the conformations required for optimal binding. 
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Combmatorial 
Proximity 




Mozaic uses a 'combinatorial proximity' approach in which the building 
blocks are brought together without chemistry, thus avoiding geometrical 
constraints. Each building block is first converted to an amphiphile by 
attaching it to a lipid tail. These amphiphiles, when dispersed in aqueous 
phase, spontaneously associate to form micelles whose surface is covered in 
all directions by the building blocks in a dynamic fluid mosaic array. The 
building blocks are brought closely together in all different possible 
configurations, and form structures which can bind to biological receptors. A 
library of different micelles (or 'probes') can be prepared very easily by 
selecting different combinations of building blocks fi-om the starting pool. 
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Mozaic uses a 'combinatorial proximity' approach in which the building 
blocks are brought together without chemistry, thus avoiding geometrical 
constraints. Each building block is first converted to an amphiphile by 
attaching it to a lipid tail. These amphiphiles, when dispersed in aqueous 
phase, spontaneously associate to form micelles whose surface is covered in 
all directions by the building blocks in a dynamic fluid mosaic array. The 
building blocks are brought closely together in all different possible 
configurations, and form structures which can bind to biological receptors. A 
library of different micelles (or ^probes') can be prepared very easily by 
selecting different combinations of building blocks from the starting pool. 

Mozaic micelles are ideal agents for stimulation of cells since they can present 
multiple copies of the same epitope to the cell at the same time. One micelle, 
therefore, can bind to several receptor molecules concurrently and provide a 
trigger sunilar to that seen in cell-to-cell communication. Small molecules in 
solution are unlikely to be able to do this. 

Screening studies can easily be carried out, testing the ability of probes with 
different combinations of headgroups to modifiy the behaviour of cells in 
culture. 



Structure of Amphiphiles (Pre- 


combinants) 
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Amino acids: 




Lipophilic alanine 




Hydroxylic serine 




Amide glutamine 




Negative glutamate 




Positive arginine, histidine, lysine 


Aromatic tyrosine, tryptophan, 


phenylalanine 





Each building block has the general stracture shown here, with a constant 
spacer and lipid tail, and variable headgroups. In this presentation, the 
technology has been exemplified using amino acids as the building blocks. 
Because of the flexibility of the building blocks when presented on the micelle 
surface as amphiphile headgroups, a number of the amino acids having very 
similar structures to each other are redundant. Consequently it is possible to 
construct libraries containing all the fimctionalities of amino acids using just 
ten out of the whole range of twenty natural amino acids used in proteins in 
Nature, thereby considerably reducing the screening workload. 

Although amino acids have been used here to exemplify the principles of 
Mozaic, it is very important to sU-ess that the technique is by no means limited 
to the use of amino acids. Any small molecules can act as a building blocks - 
steroids, nucleotides, alkaloids, heterocyclics, metallo-organics, and this 
property of Mozaic distinguishes it clearly from the technologies which rely on 
genetic mutation to produce combinatorial libraries. 



• Large amounts of material for 
testing (no chemistry) 

• Many structures on surface of each 
probe (up to 1,000) 

therefore 

• Number of test groups is small 

• Can conduct screens in cells and 
whole animals 



Because, in Mozaic, large quantities of different micelles can be rapidly 
prepared, each presenting a large number of different geometric conformations 
on the same surface, it is possible to test a large number of structures using a 
library which consists of just a handful of members. This makes the system 
more amenable to conducting screens not just in simplified high-throughput 
assays, but also in more complex biological models involving whole cells or 
even whole animals. Examples of such models are shown later. 
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Models for Implementation 


1. Protein interactions 


solid-phase binding. 


enzyme inhibition. 






stimulation of enzyme 


activity 




2. Cell-based studies 


change in growth. 


differentiation. 






secreted factors. 


receptor expression 




. 3. In vivo screen 


look for influence on 


outcome 






in disease model 



The data that follows has been generated using three different assay systems, 
one involving a solid-phase binding assay for measuring protein interactions 
(scintillation proximity assay), one using in vitro cell culture, and one in which 
a screen in whole live animals has been conducted. 



Scintillation Proximity Assay 
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In the scintillation proximity assay, scintillant is embedded in the base of a 
microplate, so that when a solution of tritium-labelled micelles is dispensed 
into the well, only those very close to the bottom of the well can be detected. 



Binding of Proi>es to Solid Phase 




When the bottom of the plate is coated with a protein of interest, the 
scintillation proximity principle can be exploited to detect binding of micelles 
to the protein. 



Combinatorial Possibilities 
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In our experience, micelles with high binding activity only need to contain 
three or four different building blocks. However, even with a small pool of 
just ten building blocks this would require over 200 groups to be tested in 
parallel, which may present problems when running complex cell-culture 
based assays. An altemative strategy is to start with a screen of ten groups, in 
which each group contains a different combination of nine building blocks (top 
row, right hand side). The most positive member of this group gives nine 
building blocks which which can be tested in nine groups eight at a time 
(second row), and so on downwards. Building on an early lead in this way, a 
small number of screens, each refining the results of the preceding screen, can 
rapidly give a candidate combination of building blocks with high activity, as 
shown in the following panel. 

This *top-down' strategy is exemplified in the next panels. An altemative 
*bottom-up' approach is discussed later on. 



Screening Protocol to Identify Precursor 
Binding Epitopes 





Here, four screens have been used in succession to identify a combination of 
building blocks capable of binding to rabbit IgG. As the screens proceed, 
progressively higher levels of binding are seen. 



Binding of Two Different Proteins to 
€14 Library 
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As is to be expected, a different binding profile is observed for each different 
protein. Here, the 6/4 library which was constructed as part of the rIgG 
programme was run against a bacterial peptide antibiotic. Probes giving 
positive binding are different in each case. 



Binding of 5/3 (VWXYZ) Library to 
Immunoglobulins from Different 
Species 
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Immunoglobulins from different species, however, all show similar profil 



studies with Lysozyme 



Use of Amino Acid and 
Sugar Constructs in Combination 



In order to develop further the capabiHties of the Mozaic technology, as series 
of studies with lysozyme has been initiated, with the following aims: 



1. To identify structures capable of binding to enzymes, using lysozyme as a 
model. 

2. To study the specificity of binding of the structures identified, in order to 
demonstrate the feasibility of diagnostic applications of Mozaic. 
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To determine the ability of Mozaic structures to inhibit the activity of 
lysozyme, in order to demonstrate the feasibility of using Mozaic to create 
enzyme inhibitors for therapeutic purposes. 



Scintillation Proximity Binding Assay of 
Mozaic Micelle Probes with Lysozyme: 7/3 
(HKLRSWY) Screen 




After conducting a niunber of preliminary screens, a pool of seven (H, K, L, R, 
S, W and Y) combined in a single probe was shown to display a high degree of 
binding to lysozyme. This pool was used to construct a library of micelle 
probes, each containing a different combination of three amino acids. 
Screening of these probes in the scintillation proximity assay against lysozyme 
gave the result shown above. Micelles containing six different combinations 
(the highest binders, shown marked with asterisks) were selected for further 
study. These were: HRS, HKW, HRY, HWY, KRL and KRS. 



Action of Lysozyme on its substrate Micrococcus 
fysoddktiais 
in the Presence of Mozaic Micelles 
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The enzyme activity of lysozyme can be measured by observing its lytic action 
on a suspension of freeze-dried Micrococcus lysodeikticus organisms. The 
suspension is highly turbid in its original form, scattering light strongly, and 
registering a high optical density throughout the whole range of visible 
wavelengths in a spectrophometer. Upon the action of lysozyme, the 
suspension is converted to an optically clear solution, with a markedly lower 
optical density. Experiments conducted in which the reaction is allowed to 
proceed in the presence of the six high-binding probes identified in the amino 
acid screen show that no difference can be seen between any of the probes, and 
that, in spite of their ability to bind to lysozyme, access of the enzyme to the 
substrate is not blocked. 

Since the action of lysozyme is to cleave polysaccharide chains on the surface 
wall of micro-organisms, it was speculated that micelles which contain sugar 
residues inj addition to amino acids might be more effective in inhibiting 
enzyme activity, since these would be more likely to bind to the active site of 
the enzyme. Acccordingly, screens were conducted in which six different 
sugars were incorporated separately into amino acid-containing micelles, to 
determine whether any of these might enhance the binding to lysozyme, 
compared with lysozyme alone. 



Scintillation Proximity Binding Assay of Mozaic 
Probes with 
Lysoagrme: 7/3 (HKLQRSY) Screen with 
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A number of the sugars did indeed appear to enhance binding of probes to 
lysozyme, and one probe containing HKLQRSY in conjunction with arabinose 
was selected for further study. A library was constructed containing all 
possible combinations of these seven amino acids, three at a time, with 
arabinose present throughout, and a scintillation proximity screen against 
lysozyme gave the results shown above. Again, the six strongest binders 
(marked with an asterisk) were selected for further study. 



Inhibition of Lysozyme Activity by Mozaic 
Micelles 
Containing Arabinose 




The enzyme reaction was conducted as before in the presence or absence of 
each of the six highest binders of the arabinose-containing micelles from the 
studies conducted above. Prior to adding the substrate, the probes were 
incubated with lysozyme for half an hour. No significant differences in 
turbidity were seen among the six probes prior to addition of substrate, but 
differences in clarity achieved were noted after the substrate was added. 
Whereas one probe showed no difference compared with the control, others 
appeared to inhibit the reaction to varying degrees. The strongest inhibition 
observed was with HKR/arabinose. 



Inhibition of Lysozyme Activity by Mozaic 
Micelles: 
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In a further experiment, very little, if any, inhibition by HKR or arabinose 
alone at the concentrations tested was observable, while the combination of 
HKR and arabinose in the same micelle continued partially to inhibit the 
activity of lysozyme. 
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Fluorescent Resonant Energy Transfer (FRET) can also be used to identify 
interactions by monitoring the aggregation of Mozaic micelles brought about 
by binding to proteins. FRET measures the non-radiative transfer of energy 
between donor and acceptor fluorophores which occurs only when the two 
molecules are in very close proximity to each other. 



Fluorescent Enhancement upon Bindini 
of Protein to MiceUes 




If the donor (fluorescein) and acceptor (rhodamine) are located on different 
micelles, than an increase in light emitted at the rhodamine wavelength is seen 
on when a protein binds to both micelles and brings them into close proximity. 



lirs Involved in Multiple Binding Analy 
of 10/5 Library 
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The screen is conducted in such a way that each of the 252 different 
combinations of fluorescein micelle is paired off with the rhodamine micelle 
which contains the complementary set of five out of ten procombinants which 
are absent from the fluorescein micelle. This is done to maximise the chance 
that the two micelles present will bind to different sites on the protein, and thus 
be able to bind to the same protein at the same time. 



Binding of Lysozyme to Multiple Pairs 
in 10/5 Library 
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Conduct of the screen, using lysozyme as a model, shows clusters of pairs with 
high binding activity, as is to be expected, since micelles adjacent to each 
other in the library will differ by only one or two amino acids, and will thus 
contain several identical combinations of amino acids which will give rise to 
identical precursor epitope binding sites. 



Specificity of Binding of Micelles 
to Different Proteins 
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Further screens can be conducted to dissect out the combinations of amino 
acids responsible for activity in the high bindin micelle pairs. As a result, in 
the lysozyme model, three pairs of micelles have been identified, each with 
three amino acids, which show specificity for lysozyme, while a wide range of 
other proteins all give response below the threshold level. 



Stimulation of Cells by Probes 




Mozaic micelles are ideal agents for stimulation of cells since they can present 
multiple copies of the same epitope to the cell at the same time. One micelle, 
therefore, can bind to several receptor molecules concurrently and provide a 
trigger similar to that seen in cell-to-cell communication. Small molecules in 
solution are unlikely to be able to do this. 



In vitro Secretion of TNF by 
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A portion of a screen conducted in J774 macrophages is shown here, where it 
can be seen that different micelles behave very differently in regard to their 
ability to stimulate secretion of TNF by these cells. The activity of the micelle 
ADE is equivalent, on a wt/wt basis, to that of cholera toxin B fragment - a 
very potent stimulator of TNF. 
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Inhibition of TNF Secretion 
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Additional studies with J774 cells have led to identification of another probe 
(DEF) which can down-regulate secretion of TNF stimulated by either cholera 
toxin B fragment (second column), or bacterial lipopolysaccharide (data not 
shown here). 



Test Variants in TNF-inliibition 
Screen 
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Further screens looking at structural variants of the building blocks D and F 
have identified a combination which can inhibit TNF secretion altogether 
(DBF', column 4). 
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A linear peptide construct has been synthesised which contains the same 
amino acid building blocks as before, linked together in a chain, and then 
attached to the surface of a micelle. This possesses the same level of 
inhibitory activity as the mixed micelle containing the amino acids separated 
from each other. 



Reduction of TNF levels m vivo 
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Moz 2.3 is also able to exert its effect in vivo. Rats treated with Img of 
lipopolysaccharide intra-peritoneally gave a high level of TNF in the 
bloodstream 1.5 hours after administration. Dosing with Moz 2.3 half an 
before LPS reduced the TNF level by over 50%. 



studies with Cancer Cells 



1 Binding 

2 Growtii inhibition 



The Mozaic system can be employed to identify structures which will bind to 
specifically to cancer cells, and could be used to target cytotoxic drugs in 
carrier vesicles to these cells in vivo. 



Alternatively, screens can be conducted to determine combinations of amino 
acids which are capable of killing and/or altering the growth rate of cancer 
cells in a tumour-specific fashion. 



itruction of Initial 10/5 Library Compri 
All Possible Triplets (32 members) 



ABCCN ABC 4 ABH XME SACH SMC 3AEH 4801 > 

BCE 1 eCH 2 CCH 4 

ABCOI ABC 4AaO SAW 4ACO lACJ t MU 3BCO 4 

Bci 2 eoj 9 au s 

ABca ABCfAM SABDSAO 3AG0 2An SBQ 2 

BCD 4 KM 2 CO 4 

ABHU ABH 2ABI 2AW 4AMI 4AIU SAU SBNI 2 

BHI 2 Mi > HU 2 

AGHU MBH t fa 2 MU lAM 4AHJ SAU 9GNI 1 

OHI 2 GU 2 HU 2 

ABCra ABC 4AaF SABOSACr 2A00 2itfG 2BCP 3 

BOO 4 BFO 4 on 2 

ABFOi ABP 2ABO SAU 4 AfQ t ffi 2MM 28ra 4 

BPi 2 BCU 2 FOJ 9 

A8EU ABC SAR SABJ 4AEI 2AEJ 4MJ 9BEI 2 

aei 2 BU 9 EU 2 

A£FU AEf 2AEI 4A» 4AFI SAFJ 2AU SER 9 

EFJ 2 CU 2 FU 2 

AOEU AOe 4ADi 9A0I 2AEi 4AEi 4AU SDCt 9 

Oej 9 OU 2 £U 9 

ACFMJ ACF 2ACM 9*0 9AF« 9An 9AM] 3CFM 2 

Cn 2 CH» 2 FW 4 

AC£HJ ACC 9A£J 1 KM 3 f>£J 4 fi£M 4AHJ 9C£J 9 

CEH 4 CHJ 2 £»U 2 

ADEFH ADE 4A0f 2ACH 9AEf 2A£H 4AFH 9I)EF 2 

DEH 4 OFH 4 EFH 9 

AKGM ADE 4 AOO 2 AOH 9 AEG 9 AEH 4 AGH 2 OCO 4 

OEM 4 OCH 9 ECH 2 

A80eO AOE 4 ADO 2 ABO 9 AEO 9 ABE 9 ABO 9 OEO 4 

BOE 9 eZXl 4 BEO 2 

eOFHJ BFH SFBO 9BFJ 2BHJ 2mj 20FH 4aOH 2 

OFi 9 60J 9 OHJ 9 

EF6HI EFG 2 EfN 9 0^1 9 ECH 2 EGt 9 EH 9 FCH 9 

PGt 3 FM 4 Ota 2 

OFGMJ UFJ 9 OOi 2 OHi 9 DRS 2 OFH 4 DGH 9 FOJ 9 

FHI 2 GHJ 2 FGH 9 

CEFOJ CE4 y CFJ 2 OBJ 2 CEF 2 CEO 9 CFO 9 ETJ 2 

EOJ 2 FOi 9 EFQ 2 

eCOEF BCO 4eCE 2BCF 9S0E 9B0F 9e£F 2C0E 4 

cor 2 CEF 2 OEF 2 

COEHJ OEH 4 COE 4 DEJ 9 CDH 9 DHJ 9 COJ 9 CEH 4 

EtU 3 CEJ » CHJ 7 

coew COE 4 coH 9 ca 4 ceh 4 ce 9 cm 2 oeh 4 
DEI &_att * ^ \ 



In order to construct a library which contained all possible combinations of ten 
functional amino acids in as small a number of different groups as possilbe, 
the assumption was made that the binding epitpoes capable of bringing about 
the desired reaction would contain no more than three amino acids. A library 
was then constructed, each member of which contained a different 
combination of five of the ten amino acids, in such a way that each 
combination of three amino acids which can be made up from the starting pool 
often is represented two or more times. Each combination of five amino acids 
gives rise to ten different combinations of three The above table shows the 
thirty two members of the library, and the total number of times each 
combination of three is represented. There are 120 combinations of three in 
total. 
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In one set of experiments, binding of the library by melanoma cells transfected 
by one or other of two specific antigens (but otherwise identical) was 
measured using the scintillation proximity assay. 
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The experiment was repeated ten times to demonstrate the reproducibility of 
binding to micelle #L 



Initial Mozaic screen against 
three cancer cell lines 
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In a separate study, the same 10/5 library was screened against three tumour 
cell lines - two ovarian cancers and one melanoma - to determine whether 
amino acid combinations could be identified which had a cytostatic or 
cytotoxic effect on the tumour cells. In the first screen, seven of the 
combinations were identified which had a significantly greater effect on 
OVC AR-3 than on the other two cell lines. A second, more refmed library 
was then constructed, based on the combination contained within these seven 
test samples alone. 



Refilled Mozaic screen against 
three cancer cell lines 
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Screening of the second library showed that combinations of four amino acids 
had been identified which again had a greater effect on OVCAR-3 than on the 
other two. In this second iteration, the number of samples showing a 
significant differential increased firom 7 out of 32, to 35 out of 36. 



Refined Mozaic screen against 
normal and cancer ceUs 
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The same library was tested to determine whether the cytotoxic effects seen 
were specific to cancer cells, or whether normal cells would also be killed off. 
In three samples in the library, growth inhibition was indeed observed for the 
ovarian cancer cell line under conditions where normal endometrial cells were 
unaffected. 



Use of Mozaic Technology to Identify 

Peptide Motifs 
Which Modulate Osteoclast Activity 
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Several iterations of a screen were carried out to identify combinations capable 
of inhibiting osteoclast activity in RANKL-stimuIated cultured cells. After 
each iteration, the level of inhibition of osteoclast activation increased. The 
most active combinations of three amino acids identified in screen 3 are 
currently being incorporated into Lexicon constructs, to produce potential 
calcitonin mimetics with oral activity. 



Mozaic Screen 
Conducted In Vho 



Mozaic can also be used in screens involving in vivo test systems. 
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Percent nptake 
in bloodstraiin 
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Probes tested, each one containing different 
combinations of ami a h cnd^ oops 




Here, radio-labelled micelles were administered orally, and blood samples 
taken, over a 2 hour period, to find a combination of building blocks which 
could assist the transport of the micelles from the intestinal lumen, across the 
gut wall, and into the bloodstream. A small portion of the total screen, 
involving thirty different groups altogether, is shown here. Micelles consisting 
of just single building blocks (A, B, C & D)can be considered as negative 
controls. However, when certain of these building blocks are put together, an 
increase in uptake of an order of magnitude can be observed (ABD). This 
combination could be employed in Lexicon peptide constructs to make them 
orally available. 




Applications 

Targei Activity 
Application 

Immune cells secrete cytokines 

vaccines 

inhibit cytokines rh. arthritis 

Cancer cells enhance uptake 

drug delivery 

induce apoptosis tumour 
reduction 

Stem cells differentiation 
neural disorders 
proliferation diabetes 

Intestine/BBB transcytosis 
oral delivery 

CNS disease 

Microbes neutraJisation 
viral bacterial 



No other combinatorial screening technology is able to work with such a wide 
range of biological test systems, or conduct screens in models so close to the 
clinical end-point. Because of the unique way in which building blocks are 
presented in Mozaic, structures can be generated and developed to therapeutic 
application which would never be detected by other techniques. 

The list of potential applications for the Mozaic/Lexicon technologies is very 
long. A number of the projects cited above are already being conducted by 
Proxima in-house. 




